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Vase Recta Loop of Henle Collecting Duct

Fig. 1. Diagram showing the location of the major medullary transport
proteins tnvolved in the urine concentrating mechansim. NKCC2:
Na-K-2Cl cotransporter, ROMK : renal outer medullary K chan-
nel, UT: urea transporter, AQP :@ Aquaporin, CLC-K : chloride
channel.

-5 429 -



NEFED 24E F3EAMER (fenestrated cap-
illary) <l ’2}33%%%3’& (ascending vasa recta)o.E
Eol7t E/E Eln uig AR gt 84

TRt e HVQ
3}30Z} (thin descending limb)® 84
A2 Ex= 3BEZ28H (descending vasa recta)?)

238 UT-BE B3l £542 thA] EertA
Hd. & UT-A2E 23l Axdiz ErlE 248
2 57 o Iy g FAAA oA
Al UT-AlS F8te $+d2 AEFHL, st
238 UT-BE %89 i Bk 84¢
Eln T 42 gerbA "ok o] 3g
84 A% (intrarenal urea recycling)o]zt
o 3y o] o] od &4 duidE Y 1
3 aa7F 2434 2 (Fig. D.

3H 7= 887t (thin descending limb)oll=

SAH A 2RE Ush e
WA UT-

£TZ AQP1c] EA5te] Eoll g3 Fabxoln &
A ERNA geng male] wsbgels mg
W59 NaCl st 34 Eolth 7k da3d4 W

-] NaCl# —;F‘“" e a4 Atelo] MEA AHA
{osmotic gradient)= $1A9F 318+8 HA} (chemical
gradient)ol €84 7h=287Z U9 NaCle e
23l & Aola, & AN g4E Boprleln &
Reolry, ey i A8 NaClddle
Q2o Fuae] Yromz 78 AjZhfe] Arth
Ho® Eoj7be 84XT Yo NaClel 87 el
%A 714 glol NaCle] AFxrHol Hde A8S
G BADG, SHe Aol Na®
27 EA8A gout NaCle] Fi4de] & ol&
o] #o] CI° EZ (CLC-K1L)7} &A&7] wiolr
Na'i= Cl'7b whd e & @718 ZAL (electric
gradient)ol] €] oA o Axet NE Alelo] <
HEE B8 veA €

2) TE8E (Aquaporin)

Ut Ao o] nFFeR HAE B AF
A FE & oM FEHeR FFHEW oE
A FA4 8 AEF (solute-free water reabsorp-
tion)ol#kiL gel o] uf thEke] Fo] whE A FiHY
sl E S8 B2 (water channel)7} Zo3gd ol
£ aquaporin°legtx g},

Fad A aquaporiniii“ AQP1, AQP2,
AQP3, AQP47} slem AQP1S M= (proxi-

wapyo) ¥

51

ol

L

op

HE A 235 2004 —

3}3 7t (descending thin limb)
kA (constitutive protein)
AT A8
A%
717
83 32 AQP2E
ZHeE o

mal tubule)¥¥ 7}=
o #H EAste 74
Q1 wkE AQP2, AQP3, AQP4:
ZAdWE (regulatory protein)olth. AQP2E
# AE Afdel EAEH AQP3, AQP4¥
Q| &ato| EAFTE o} F AR
AN B ER JM a1 %9 e

doleha & & 3t

=)

aFueL +RE29 =3 I

1. B2 =& J|™ (Short term mechanism)

AQP2E= vpaat#idel 93} <14t (phosphory-
laion) == <litsld AQP2-¥H AX (AQP2-con-
taining vesicle) A3 AZA (cytosolol A =}
FHoR &AM AU FEER7E A foh
A ZH A Aol gloiAlW AQP2+= THA] A
g Axde FEorb B

UT-Al Al spazg Aol ofs) Adaste=l?) 7]
A Aol o] a4 Qe a4 §
H3e FrhAAel FREd o) AQP2et el A
A 9 AfolE oUte FEILE BHEHA G$%
onf!? of| ol o8 favh fulEEAE o
o ow ol ok

2) &7 =5 1A (Long term mechanism)

iz Ao @rjdeg UT-Al® AQP2E
A A aAe Eo & MG E e
UAZF AR, A7
o] F7F W A=
=3

(1) = (=2 93 454 olu

UT-Al13 AQP2

Streptozotocin®. & 97}
ley #AoNA UT-Al# AQP29] %&
ghRol A BE  FrhaTie
UT-A2e & Wyt glich
iz Ae] Frtehs Ao
2 TxA UT-Al® AQP29)
el e]gk AJAR] Aolr 7] 93t

olxk
'}'I:e o} mj
Aoz UT-Aleltt AQP29
71A-& o}z AR A ek

|

) A

#2%9 Sprague-Daw-
&g 7 AR
ey HP{_}T"‘ 2]
H GEAldE d8F
a7 A, Azks
FA F7HL wiAhze

MAHoz va

zgldeol A¥EE Brattleboro FE ¥ TR UF
i 3 ollE wAEHAN Fo8ga (VP alone),

e g ol wbAE Al Fodel @4 streptozo-

=S 430 -



ol -
- qlEd

A

tocing FAbete] YnE {FEAHT (VP+DM). 7
ol e kol mAaZyie] FAEEAE EE)
3 UT-Al3 AQP27F VP+DM #ollA o o] &
ettt o] A waEZPAe UT-AL Z710 9
8z 4 ¥ /—‘J’SZ‘H’J FAdrb: ofY ] AFA
(osmotic diuresis)®] ©& Q<le]l UT-Ald}
AQP2Y] %% }_‘36}3 REIERRSIN S =

Ao

O] 1.

A% 5EFE st awRe asvt £5E 3
Aol EAslolop ey el aFReY QA7) H5
A e EAs] sl ifaal 84 et =
ofob gt} AwA g AFHEE FHelA 8ihE AE &
A F oF AH%E AX S 1Y iRl o
800-1,000 mmol/L. AZeluh of Af Awie] A4
ERE 9 2000 mOsm/kgH0 AR2 Fxdd. &
i Ao E A W F5 Bvbsd 2ee] &
vh elstel AW Q47 FHF R HMEY F

2u g7e] 207%2 "WolHa aWe a4k FEE
176 +14 mmol/LE #Aadaon Wl 2%

2% 017665 mOsm/kgH0% Sobdvh whebx A

_‘n

e awel an Fb 2AsAE W UT-AlC]
),,d_)gzjg_{g, —»1—7}@ ZHolgkar A& Afal o] F
= Fie AR ol RES vHeo

(2) NdC]°“ 98 A4 olxi (NaCl-induced
osmotic diuresis) FAolAe] UT-A1#
UT-A2

A #FNA 4% NaCl 2ol&

=, dizarat gias) 2ok RS e A

L ’o‘ %"3’ %3 4L NaCl wiie] F7t2

2 o s 4w akel F &

84 FEe 'Q9i49

7)Aol Hwor

#49 UT-

2% el

ot PR
F3x

i

ol s

mmol/LE =1
A UT-Al¢
A2+ L gt fidith

(3) a4 9§ 54 o] (urea-induced
FAoA e UT-ALH

osmotic diuresis)

UT-A2
ool wlE Ao 24 FEE oVl Hst
o] 20% L4 F7F HelE 253k Wl T odiaxtat
e wokdh 4ol & gdel g AMed 24
iAol L7l A Folytor ol <lafl Al &
o] n&e 619%% E/EYaL AW 84 BEL

N TR IR

gurale) 247 -

1070498 mmol/LZ Z7F8kith. NaClel o3 45
olxAlgh AWlR £ Z)AFe waRd
UT-Al %& A8 @7t glod d v #349)
UT-A29] && a7 3 7Po}air:}

g

%Liff}‘}i—et olZ RHAFE7 11?5}01 Z7hselm, vl
2 UT A% &4 dure] a4 %7t W9 =
& o &5y GURZRE Y & ¥ (ascend
ing vasa rectae)g B} -Gele 849 o] FU}
goll wal 247k AFE wAdrt HiegeR &
o7} AL o AR 84 AeEdegs wol7] #
stol ke o 4 ASlch

(4) NaCldl o9& 454 ojxot 2400 9%
AEA ok A9 AQP29] %A W3}
EE5 4 717& EAEA OLE"‘;}.
& % g (compartment) Aol A
ato] (A9, tonicity)7} A& uf HFH
() PN AFA FR7 2 (L) T8
Hog gt} Storm & cyclic AMP
A8 (IMCD
ko] NaClel} sorbitole] #H7HA
kg wlA
2.0 AW

F A

Ee T

N

0B F% o]
sholl A1, miek
wel AQP2e
(medium)ol A= 7Y 247
i ZrbEA @reg Baeo”.

Ax} MaLeele] nEA FEs MW Gl o
ke v A @3 vhA NaClolt} sorbitol& AZ £
off gt ¥xabdAd MEW £EE B AEd I
H& Z7hA7Ih: HellA AQP2e] Y 2L sha
=AM} A AED FHo] A RE AAFTH
f"r’F%i uhEL 9] (jnner medullry tip)2 F3HE Al
gHA UT-Al9l EAl2 240 st
ol Wit L£4F WOy b

= ah =
7l & a¥e] 94 Rl =

=

)
tzﬂ B3 &5 H 32
[e]

cell)

A (

I
'h YJl

L3
=

.-10

2]

=4

Folzlr}, &5
4387t (thin
PR R
%mgle effect)i= 4= =], ©]3=
- ZE vl o #H-

.

7

el /tl Ak
T T4

LJ?-! a:ﬂ%

11 Es
]

(corticomedullary osmotic gradient)

1 FHAoRi: 47 0ddn s
4ol ﬁ?ﬂ FEAs AN RN B9
sl Fn H20

A7z Fir adgel oshA UT-Alab Ak

S 431 -



— gL A 23d £F 423 2004—

2 4% (2§54 3ddY a4 7 A
NaClel 9% 4%A olx (NaCl-induced osmotic
diuresis) EdelAE AQP29 o] #HAdtn AW
(2 &322 24 a2 27t Friste Q4o
ol AEA o]k (urea-induced osmotic diuresis)
2ddXE AQP2¢ 4ol Frtete AL #AA
&5de a4 TR FUHEIEE W vhe A9F
(thin ascending limb) 225 € NaCl®] AFF71 &
7tElol &4 AHE wolA HEE o Ade
AQP29] FA o] & A #A ASE A
A AY (in vivo)LEE 3 stE sdolt)

1) Kuhn W, Ryffel K:Herstellung konzentrierter
Losungen aus verdunnten durch blose Membran-
wirkung. Ein Modellversuch zur Funktion der
Niere. Hoppe-Seylers Z Physiol Chem 276:145-
178, 1942

Nishmura H, Koseki C, Imai M, Braun EJ: So-
dium chloride and water transport in the thin
descending limb of Henle of the quail Am J
Physiol 257:F994-F1002, 1989

Kokko JP, Rector FC Jr:Countercurrent muiti-
plication system without active transport in inner
medulla. Kidney Int 2:214-223, 1972

You G, Smith CP, Kanai Y, Lee WS, Stelzner
M, Hediger MA :Cloning and characterization of
the vasopressin-regulated urea transporter. Na-
ture 365:844-847, 1993

Smith CP, Lee WS, Martial S, Knepper MA,
You G, Sands JM, Hediger MA :Cloning and
regulation of expression of the rat kidney urea
transporter (rfUT2). J Clin Invest 96:1556-1563,
1995

Shayakul C, Steel A, Hediger MA : Molecular
cloning and characterization of the vasopressin-

2

~

3

=

4

=

5

bl

6

il

regulated urea transporter of rat kidney collect-
ing ducts. J Clin Invest 98:2580-2587, 1996
Tsukaguchi H, Shayakul C, Berger UV, Tokui
T, Brown D, Hediger MA :Cloning and charac-
terization of the urea transporter UTS3: localiza-
tion in rat kidney and testis. J Clin Invest 99:
1506-1515, 1997

8) Sands JM, Timmer RT, Gunn RB:Urea trans-

7

~

=S 432 -

=

=

—

-~

i

=

porters in kidney and erythrocytes. Am J Phy-
siol 273:F321-F339, 1997

Nielsen S, Frokiaer J, Marples D, Kwon TH,
Agre P, Knepper MA : Aquaporins in the kidney :
from molecules to medicine. Physiol Rev 82:205-
244, 2002

Zhang C, Sands, JM, Klein JD: Vasopressin
rapidly increases phosphorylation of UT-Al urea
transporter in rat IMCDs through PKA. Am J
Physiol Renal Physiol 282:F85-F90, 2002

Sands JM, Nonoguchi H, Knepper MA : Vaso-
pressin effects on urea and HyO transport in
inner medullary collecting duct subsegments. Am
J Physiol Renal Physiol 2563:F823-F832, 1987
Inoue T, Terris J, Ecelbarger CA, Chou CL,
Nielsen S, Knepper MA : Vasopressin regulates
apical targeting of aquaporin-2 but not of UT1
urea transporter in renal collecting duct. Am J
Physiol 276 F559-F566, 1999

Kim DU, Sands JM, Klein JD:Changes in renal
medullary transport proteins during uncontrolled
diabetes mellitus in rats. Am J Physiol 285:
F303-F309, 2003

Bardoux P, Ahloulay M, Maout SL, Bankir L,
Trinh-Trang-Tan MM : Aquaporin-2 and urea
trasporter—-Al are up-regulated in rats with type
I diabetes mellitus. Diabetologia 44:637-645, 2001

15) Nejsum LN, Kwon TH, Marples D, Flyvbjerg A,

Knepper MA, Frokiaer K, Nielsen S:Compensa-
tory increase in AQP2, p~AQP2, and AQP3 ex-
pression in rats with diabetes mellitus. Am J
Physiol 280:F715-F726, 2001

Brooks DD, Nutting DF, Crofton JT, Share L:
Vasopressin in rats with genetic and streptozoto-
cin-induced diabetes. Diabetes 38:54-57, 1989
Kim DU, Sands JM, Klein JD: Role of vasopres-
sin in diabetes mellitus—induced changes in med-
ullary transport proteins involved in urine con-
centration in Brattleboro rats. Am J Physiol
286:F760-F766, 2004

Kim DU, Klein JD, Racine S, Murrell BP, Sands
JM :Urea may regulate urea transporter abun-
dance during osmotic diuresis. Am J Physiol
Renal Physiol (in Press)

Storm R, Klussmann E, Geelhaar A, Rsenthal W,
Maric K :Osmolality and solute composition are
strong regulators of AQP2 expression in reanl
principal cells. Am J Physiol Renal Physiol 28A4:
F189-F198, 2003



